A retrograde coronary vein injection technique for concentrating radioisotope in ischemic myocardial regions was evaluated in dogs. in saline solution was injected into the coronary veins during complete closure of the coronary sinus. In the presence of coronary inflow obstruction, the venous potassium-43 was distributed mainly to the low pressure vessels in ischemic heart regions; i.e., the ratio of potassium-43 in the occluded-to-unoccluded areas ranged from 2:1 to 3:1 thirty seconds after retrograde injections. Krypton-85 in saline solution was injected under pressure into the coronary veins during partial closure of the coronary sinus. In the presence of inflow obstruction, the ratio of krypton-85 in the occludedto-unoccluded areas ranged from 4:1 to 6:1 sixty seconds after retrograde injections; larger ratios may be expected after rapid washout of gas from the normally perfused region is nearly complete. Myocardial potassium-43 imaging techniques were applied to locate and measure the size of the ischemic heart region as a radioisotopic hot spot. Detection of hypoperfused areas of extremely small size may be accomplished by this technique.
IN EFFORTS TO ASSESS regional myo-
cardial ischemia in the presence of coronary artery disease, a variety of radioactive myocardial scanning techniques have been developed.1~" In general, these methods are based on the premise that the myocardial distribution of radioisotope and coronary flow are identical one circulation after the radioisotope is injected at a site proximal to the coronary bed. A radioisotopic cold spot is then interpreted to represent a region of myocardial ischemia.
An alternate to the antegrade precoronary path for injecting radioisotope in the closed chest subject is available. Gregg Supported by Grant HE 07628 from the National Heart and Lung Institute.
krypton-85 washout phase was monitored precordially and accurate measurements of myocardial flow were made.
In the present study, we have taken a second look at the retrograde coronary route as an approach to concentrating radioisotope in the underperfused regions of a heterogeneously perfused heart. The retrograde approach was evaluated as a possible means of improving the reliability of the currently available precordial counting techniques for detecting myocardial ischemia.
Methods Data were collected in experiments with 19 mongrel dogs ranging in weight from 17-24 kg. All flush. Within 20 sec of the potassium-43 injection, India ink was injected into the coronary arterial cannula to stain the ischemic myocardium. Immediately thereafter, the heart was removed from the thorax and dissected into the ischemic (stained) and nonischemic left ventricular,right ventricular, and atrial tissues. Each area of the heart was weighed and fit snugly into separate 5 cm diameter cylindrical lead containers. The base of the tissue container was centered 5 cm below the orifice of a Nuclear-Chicago scintillation detector collimator. A 2 inch sodium iodide crystal was mounted 20 cm above the 10 cm diameter orifice of the collimator. Differences in counter efficiency for the various heart regions due to differences in the tissuecollimator spatial relationships was small; for example, tissue sample elevations from 25 to 24 cm beneath the detector crystal increased the count rate by less than 7%. The retrograde potassium-43 study was performed in dogs 1-3 in the absence of coronary inflow obstruction. In these preparations the anterior descending and circumflex myocardial regions were dissected according to the epicardial arterial anatomy.
Myocardial imaging with a rectilinear scanner was performed in dogs 10-13 after retrograde potassium-43 injections as follows: coronary inflow obstruction was established with closure of the anterior descending artery in dogs 10 and 11 and the circumflex artery in dogs 12 and 13; xylocaine (1 mg/kg body weight) was administered immediately after the arterial closures; electrocardioversion was required to terminate episodes of ventricular fibrillation in dogs 11 and 12. Five min after arterial closure, potassium-43 was injected into the coronary veins in the manner described earlier. Myocardial scanning was initiated 1 hr after the retrograde potassium-43 injection. The scanning technique has been described in a previous report. 0 Direct measurements of the regional potassium-43 concentrations were made after the scanning procedure.
In dogs [14] [15] [16] [17] [18] [19] , retrograde injections of krypton-85 were made as follows. The coronary arterial snare was fastened for 5 min prior to partial sinus closure sufficient to elevate the peak sinus pressure to 30-40 mm Hg. Krypton-85 in 5.0 ml saline was injected into the sinus catheter over a 1-2 sec period; this was immediately followed by a 1.5 ml saline flush. The sinus balloon was deflated 5 sec after the saline flush. One minute after the retrograde injection, the heart was removed from the thorax. The anterior descending and circumflex myocardial regions were dissected according to the epicardial arterial anatomy and the tissue count rates measured in the manner described earlier.
Results
Measurements were made to assess the acute effects of coronary sinus occlusion on the systemic and coronary hemodynamics in nine dogs. These measurements were made in both the presence and absence of coronary inflow obstruction. The results are compiled in figure 1 were made from dogs 10 and 11 during closure of the anterior descending artery. Figure 2 depicts the scans made from dogs 12 and 13 during closure of the circumflex artery. All scans clearly show a welldelineated radioisotopic hot spot over the ischemic Further discussion of the latter mechanism follows. After sinus closure, the coronary venous inflow delivered by the normally perfused region distends the coronary veins and greatly elevates the venous systolic pressure which approaches and occasionally exceeds the peak systolic left ventricular pressure.12 During this time, a portion of the venous blood volume may leave through the Thebesian veins into the ventricular and atrial chambers and thus limit the extent of venous engorgement. In the presence of arterial occlusion, another portion of the venous blood may be forced backward into the ischemic bed as a consequence of the pressure gradient generated between the coronary veins and the peripheral channels of the occluded artery. The compliant epicardial arterial network beyond the central occlusion would appear to be a ready recipient of a retrograde flow pulse delivered through the low resistance vasodilated arterioles of an acutely ischemic myocardial region. Poor contractility of the ischemic myocardium would presumably heighten the magnitude of the retrograde flow pulse arising at the coronary vein level. During diastole, the distended channels of the ischemic bed undergo passive decompression and thereby return blood delivered during the preceding systole to the venous circulation. This forward component of flow completes the cycle of a biphasic capillary perfusion. A superimposed unidirectional component of retrograde capillary flow is possible if arteriolar-to-Thebesian vein shunts are opened and drained by the heart chambers.
Although the backflow of unmodified, unoxygenated coronary venous blood would appear to be valueless in preserving the viability of ischemic myocardium, it does provide a vehicle for the delivery of potassium-43 to the ischemic bed. In the presence of inflow obstruction, potassium-43 injected into the coronary veins during sinus closure is distributed mainly to the ischemic regions (table 2 ). The hemodynamics, described above, are in accordance with the pattern of myocardial potassium-43 distribution in the heterogeneously perfused heart, i.e., the normally perfused myocardium pumps a portion of the venous pool of potassium-43 into the ischemic zones.
The greatest difference between the potassium-43 tissue concentration in the ischemic and nonischemic regions is undoubtedly obtained in preparations with abrupt and complete closure of a left coronary ramus. Under these conditions, both vasodilation and diminished contractility in the ischemic region favor the retrograde delivery of potassium-43 to the occluded vessel. In the presence of lesser degrees of inflow obstruction, the regional differences in the potassium-43 tissue concentration would, in theory, be less striking. In the absence of inflow obstruction, the retrograde potassium-43 uptake by the homogeneously perfused left ventricle was nearly uniform ( well, however, as an estimate of the initial distribution of isotope after retrograde injections; the data demonstrate the possibility of developing a large radioisotopic concentration gradient between an ischemic and nonischemic heart region when diffusible inert gases such as krypton-85 and xenon-133 are used. For example, the rapid injection of an inert gas saline solution superimposed upon the myocardial drainage must necessarily elevate the venous pressure in the presence of partial sinus closure and preferentially drive isotope into the low pressure vessels of an ischemic region. Rapid washout of gas from the normally perfused region may then isolate a large residual pool of isotope in the slowly cleared ischemic area. This hypothesis was tested with retrograde krypton-85 injections in four dogs; the average ischemic area-tononischemic area ratio of krypton-85 in tissue ranged from 4:1 to 6:1 60 sec after retrograde injections. In theory, this approach allows selective radioisotopic labeling of both poorly perfused viable and infarcted tissues. Other techniques17-19 have been proposed to localize radioisotope in areas of myocardial infarction.
With present techniques for measuring regional myocardial perfusion using a scintillation camera, xenon-133 injections are made proximal to arterial constrictions; thus, the initial distribution of the radioisotope favors the normally perfused myocardial region20 and the isotope-poor ischemic region is seen as a radioisotopic cold spot, providing the ischemic mass is sufficiently large. As a consequence of the relatively low concentration of detectable isotope in the ischemic zone, the performance of the precordial counting techniques for measuring blood flow7 8 in this region may be impaired, if not inadequate. On the other hand, accurate measurements of flow in underperfused regions of extremely small size may be expected when the ischemic myocardium is isolated as a radioisotopic hot spot. The retrograde injection approach is one possible solution for this problem; however, further evaluation and development of this technique is required before it can be considered a clinically useful tool.
